State Feedback Robust H∞ Controller for Transient Stability Enhancement of Vsc-Hvdc Transmission Systems  by Nayak, Niranjan et al.
 Procedia Technology  4 ( 2012 )  652 – 660 





State feedback Robust ܪcontroller for Transient Stability 
Enhancement of VSC-HVDC Transmission Systems 
Niranjan Nayaka,Sangram Keshari Routraya,Pravat Kumar Routa, 
aDepartment of Electrical Engineering, Sikshya ’O ’Anusandhan University, Bhubaneswar-751030, India. 
 
Abstract 
In this work, a robust  and nonlinear control strategy are investigated in a power system inter connected 
with a   VSC-HVDC system. The controller design is based on the H  control methodologies to deal with 
the nonlinearities introduced by requirements to power flow and line voltage. First, the steady state 
mathematical model of the VSC-HVDC system is developed and the  relationship between the controlling 
variables is investigated. By use of H.control theory,constant DC voltage controller and constant AC 
voltage  controller are designed. A robust H control   has been proposed to provide voltage support by 
means of reactive control at both ends; to damp out power oscillations and improve transient stability by 
controlling either active or reactive power, and to control the power flow through the HVDC link.  The 
proposed control scheme is tested under several system disturbances like change in frequency at both ends 
, faults on the converter and inverter buses and change in short circuit ratio . Based upon the time domain 
simulations in MATLAB/SIMULINK environment, the proposed controller is tested and its better 
performance is shown compare with the PI controller whose gains are optimized with Genetic Algorithim 
Technique.  
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1. Introduction 
Voltage source converter based HVDC using the insulated gate-bipolar transistor(IGBT) and pulse 
width modulation (PWM) techniques have been utilized in a number of installations  which are presently 
working in many real system. A VSC-HVDC system connects two AC networks using two AC-DC 
terminals and a DC link[1].   VSC-HVDC system   has got many   advantages over the conventional 
thyristor-based HVDC system, those are (i) IGBT valve can switch on or off  in nano seconds. (ii) no 
telecommunication channel is required between two VSC-HVDC stations,(iii) The active and reactive 
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power can be Controlled independently. (iv) Active and reactive power  ofVSC-HVDC transmission 
systems have made a positive impact on the system dynamics of power systems.  
 The VSC-HVDC transmission link has four control inputs, namely direct and quadrature axis 
voltages at both the converter stations and their interaction makes system a truly non-linear multi input 
and multi output control system. The control of all the possibilities is normally achieved through 
proportional-plus-integral (PI) controllers. These PI controllers suffer from the inadequacies of providing 
suitable control and transient stability enhancement over a wide range of system operating conditions 
under various faulted situation. 
Several authors have presented mathematical models and control strategies for VSC-HVDC transmission 
that include small signal stability [5], decoupling control in converter stations using feedback linearization 
[6], LMI based robust control [7], and adaptive control [8-10]. Most of these papers have considered a 
point to point VSC-HVDC system without considering a parallel AC line in which case the sending and 
receiving ends are completely decoupled. Although some research has been conducted for coupled VSC-
HVDC systems [11-14], to explore the possibility of their smooth operation, till a lot of aspects are yet to 
be investigated thoroughly. However also these previous studies were at the expense of neglecting a 
number of very important features in HVDC system operation, particularly related to the HVDC-HVAC 
interactions. 
In this study, a robust nonlinear H controler is applied to the HVDC Light transmission systems in order 
to improve the dynamic behavior performance under wide range of operating and faulted conditions. The 
controller design is based on a state feed back H controller . This paper clearly describes the advantages 
of  H    controller The effectiveness of the robust controllers is demonstrated using the simulation studies 
with the aid of the MATLAB software package.The simulation results show that the controllers contribute 
significantly to improve the dynamic conditions, enhance the system stability and damp the undesired 
oscillations. The rest of the paper is organized in six sections as follows. In section 2, the time domain 
mathematical model is Presented. In section 3, Genetic Algorithim based  PI controller and  the H feed 
back controller   and  the H controller a feed back case for VSCHVDC system  is presented. Simulation 
results are presented that illustrates the effectiveness of the proposed strategies in section 4. At last, 
conclusions are drawn in Section 5 .  
2. Mathematical Modeling of VSC-HVDC System 
A typical VSC-HVDC transmission link consists of two converter stations. One station operates as the 
rectifier station where as the other operates as the inverter station.A parallel AC line is connected between 
the two terminals to show the coupling action. The dynamics of the rectifier and the inverter can be 




 Fig.1.   VSC-HVDC   Model 
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2.1 Rectifier Model: 
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(3) 
 
 Where IrD, IrQ   and  VrD, vrQ   are the d-q axis currents and voltages of the rectifier station. V1D,  V1Q    
are the d-q axis  ac voltages of rectifier station. Vdc is the dc voltage after the rectifier station.Cdc and  
Vdc are the current and capacitor of the dc link. The corresponding impedances on the rectifier side is rr 
+jxr.Pdc is the power flow in the DC link. 
 
2.2. Inverter Model: 
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(5) 
Where IiD,IiQand ViD, ViQ  and   are the d-q axis currents and voltages on the  inverter sides,V2D, V2Q are 
the corresponding ac voltages on  inverter stations.   Ri+jXi  is the  impendance of the inverter station. The 
dc link voltage isVdcand  Idcܫ௜is ac current in inverter station.    
3. Control Scheme for VSC-HVDC System.  
Normally PI controller is used for this purpose for providing damping to the system oscillations. In 
conventional PI controller direct axis and quadrature axis voltages ௥ܸ஽  and ௥ܸொ are the control inputs of 
the rectifier and ௜ܸ஽& ௜ܸொ control input of the inverter. Choosing the right value for Kp and Ki of a PI 
controller is really a difficult task and also the optimum value change with the changing system operating 
conditions. Thus the gains of PI controller are optimized for improving damping performance 
significantly.  Further H- infinite controller has been proposed that gives better stability to the system 
under abnormal conditions. This controller also provides large operating zone within which the system can 
operate without loss of generality.  
 
3.1.  PI Controller 
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The PI controller is designed to provide coupled and independent control of the DC link voltage and the 
generator side reactive power for converter station and the control of active power and reactive power for 
inverter station. The state variables of rectifier station are taken as Ird, Irq and Vdc1. For convenience dc 
voltage and reactive power of the rectifier are taken as the output variables. Since the reference bus d-axis  
 
voltage is taken as zero, the reactive power directly controlled by Irq. The state variables of inverter station 
are Iid, Iiq. Since the inverter station is operating in the active and reactive control mode the output states 
are taken as Iid, Iiq. Here the trial and error technique is avoided and Genetic Algorithm is used to optimize 
the values of the gains݇௣ଵǡ ݇௥ଵǡ ݇௣ଶǡ ݇௥ଶǡ ݇௣ଷǡ ݇௥ଷܽ݊݀݇௣ସ . Both of the result has been demonstrated by 
simulation. 
 
3.2. H  controler A state feed back case.   
 
Given a stable and proper transfer function ௭ܶ௪ሺݏሻj࣓), its H controller is  definded as  
ŒT(z)Œ=ݏݑ݌଴ஸఠழߪ௠௔௫[T(jw)]                                                                                                                         
(6)                                                                            
Where   ߪ௠௔௫[ ௭ܶ௪ሺ݆ݓሻ]  denotes the maximum singular value  of  ௭ܶ௪ሺݏሻjw).  The H-inf 
norm is the worst case gain  in  ௭ܶ௪ሺݏሻjw). Thus minimization of the H norm of  is equivalent  of 
the worst case  (gain) situation on  the effect  from the disturbance ߱ with effect to the  controlled  output 
. 
The state feedback control law is  )()( tXKtu              
(7) 
Applying equation (7) the closed loop transfer function becomes 
            
(8) 
)()()()( tEdtxBKAtx                                                                                                                                
(9) 
The transfer function from d to z can be derived as  
௭ܶௗ ൌ ሺܥ ൅ ܭܦሻሺܵܫ െ ܣ െ ܭܤሻିଵܧ                                                                                                                  
(10)         
The goal of the state feedback ܪcontrol problem is to find a constant feedback matrix K such that the 
closed loop system is stable and ܪ norm of the transfer matrix ௭ܶௗሺݏሻis  less than a prescribed 
tolerance.The output feedback control system gain matrix K is found by solving Riccati equations to yield a 
semi definite matrices X and Y in the form given below, such that ܺܣ ൅ ܣ்ܺ െ ܺ ቀܤܤ் െ ଵ
ఊమ
ܧܧ்ቁ ൅
ܥ்ܥ ൌ Ͳ                                                       (11) 
ܣ ൅ ቀ ଵ
ఊమ
ܧܧ௜ െ ܤܤ்ቁ ܺ) = 0                                                                                                                          (12) 
are stable. In this case the state feedback matrix K is calculated  
ܭ ൌ ܤ்ܺ 
 
 
3.3. H  controler for VSC-HVDC System.   
 
The state space equation for liniear control system[6] may be expressed as follows. 
)()()( txDKCtZ  
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ௗ௫ሺ௧ሻ
ௗ௧
ൌ ܣݔሺݐሻ ൅ ܤݑሺݐሻ ൅ ܧ݀ሺݐሻ(13)                                                                                                                            
ܼሺݐሻ ൌ ܥݔሺݐሻ ൅ ܦݑሺݐሻ                                                                                                                                               
(14) 
Where ݔሺݐሻ, ݑሺݐሻ and  ܼሺݐሻ are the states, the control input and the control output vectors.The vector 
݀ሺݐሻ is the disturbance vector.The matrices A, B, C and D are the matrices of appropiate 
dimensions.The corresponding VSC-HVDC system states and control are obtained according to the 
equation (1-5) , > @TdcrQrDR viix 1 , > @
T















































































                                                                                                     
(16)
 
Since the equations are in the nonlinear form those can be lineralized by perturbation and the small signal 
model  given for VSC-HVDC  as equation (14)   are 

















































































































































































































4. Simulation Result 
To test the robustness of the designed controller for the HVDC Light transmission link, the operating 
condition of the system are Pr = 0.8 pu, Qr = 0.2 pu, Pi = 0.6 pu and Qi= 0.2 pu.  From the following 
figures it is evident that the oscillations in the speeds of the generators and the interarea oscillations are 
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damped out faster with the new controller than the conventional PI controller. Due to Hf control for the 
reactive power control loop at the rectifier station, the voltage of the converter ac-bus recovers much 
faster.  Further, the fault at the converter bus  affects the power flow to the inverter bus due to presence of 
a parallel AC line.The DC-bus voltages are stabilized very well using this controller. 
 
 
4.1.  10 cycle LLLG Fault at converter  bus  
 
The system is simulated with a LLLG fault at bus-1 from 1 sec to 1.2 second. Due to the fault the ac 
voltage at the corresponding bus is decreased to a critical level. The performance of the proposed 
controller  is much better than the conventional PI controller and optimized PI controller. The 
performance  improvement with the H controller are  shown in Fig.2.(i-viii), which  clearly indicates the 
robustness of the proposed controller. The damping property marginally improves along with the 
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           Fig.2.(vii)variation of AC voltage  of inverter  station             Fig.2.(viii)variation of DC voltage  of inverter station 
 
4.2. Change in short- circuit ratio on AC system of rectifier  
 
In this case the short-circuit ratio on inverter side of the ac system is changed from 10 to 3.25. The 
proposed controller performances are shown in Fig.3. (i-viii) which indicates robustness of the ܪ 
controller as compare to PI and optimized PI controller. The performance of proposed controller is 
superior  
than the conventional and optimized PI controller. Here the voltages and power flow in the inverter station 
is affected due to presence of parallel AC line. 
 
 
Fig.3.(i)variation of active power of rectifier                                       Fig.3.(ii)variation of reactive power of rectifier station       
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     Fig.3.(iii)variationofactivepowerofinverter station                      
Fig.3.(iv)variation of reactive power of inverter station 
                                                                                  
                         
 
           Fig.3.(vii)variation of  AC power at inverter station                                       Fig.3.(viii)variation of AC voltage  of rectifier 
station 
 
      4.3.  Modulated change in angular frequency  
                                                                                                 
Fig.4.(i-v)  depict the behaviour of the controller to a 10% change in the angular frequency for 2 seconds 
on rectifier side of the VSC-HVDC link. Due to a change in system frequency the system states are 
disturbed and are again stabilized faster using the proposed controller in comparison to the PI  and 
optimized  PI controller .further the active and reactive power flow in  inverter side are also affected due 
to coupling action of parallel AC line. 
              
 
                 Fig.4.(i)variation of active power of rectifire station.       Fig.4.(ii)variation of reactive power of rectifire station. 
 





























































































660   Niranjan Nayak et al. /  Procedia Technology  4 ( 2012 )  652 – 660 
 





 In this paper a   state feed back H-inf controller  has been applied to VSC-HVDC system . The 
proposed controller is found to be robust producing significant damping and reduction of overshoots for a 
variety of operating conditions that include LLG fault at the converter buses, Low short circuit ratio for  ac 
side of the inverter station and change in angular frequency etc. In comparison with the conventional PI 
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